ABSTRACT We analysed data on overweight and stunting from large national surveys performed between 2001 and 2004 in 5 Arab countries (Djibouti, Libyan Arab Jamahiriya, Morocco, Syrian Arab Republic and Yemen). Overweight and stunting were defined according to new WHO growth standards. Overweight ranged from 8.9% in Yemen to 20.2% in Syrian Arab Republic. The risk ratio (RR) for overweight in stunted children ranged from 2.14 in Djibouti to 3.85 in Libyan Arab Jamahiriya. RR ranged from 0.76 in mildly stunted children of Yemen to 7.15 in severely stunted children in Libyan Arab Jamahiriya. Etiological fraction in the population ranged from 7.49% to 69.76%. 
٢٠٠٩ ،٣ ‫ﺍﻟﻌﺪﺩ‬ ‫ﻋﴩ،‬ ‫ﺍﳋﺎﻣﺲ‬ ‫ﺍﳌﺠﻠﺪ‬ ‫ﺍﻟﻌﺎﳌﻴﺔ،‬ ‫ﺍﻟﺼﺤﺔ‬ ‫ﻣﻨﻈﻤﺔ‬ ‫ﺍﳌﺘﻮﺳﻂ،‬ ‫ﻟﴩﻕ‬ ‫ﺍﻟﺼﺤﻴﺔ‬ ‫ﺍﳌﺠﻠﺔ‬

Introduction
Malnutrition is a leading contributor to the global burden of disease [1] . Malnutrition refers not only to deficiency states, but also to excesses or imbalances in intake of energy, protein and/or other nutrients [2] . Globally, undernutrition is an underlying or associated cause in at least half of all childhood deaths [3] . On the other hand, overweight is becoming a public health problem even in many of the developing nations; the prevalence in some has reached even higher levels than in many industrialized countries [4, 5] . Countries in the Middle East and North Africa have a high prevalence of overweight in children [6] . It has been reported that by the year 2020, over 60% of the disease burden and mortality in developing countries will result from noncommunicable diseases as a consequence of the rising prevalence of overweight. Management of these diseases will be beyond the capacity of many of these nations [7] .
Both undernutrition and overnutrition have a great impact on social, economic and health care systems. Both these forms of malnutrition can coexist [8] . Community interventions that are designed to prevent or treat one problem can exacerbate the other and displace the whole population curve to the right, generating a significant proportion of overweight and obese children [9] . In an individual child, the relation between stunting and overweight is not simply a situation of coexistence; epidemiological and experimental evidence is accumulating to indicate that there is a causal relationship [10] . On the other hand, in developed countries, an association was found between BMI and stature in children, with height and adiposity being positively related [11] .
The aim of the present work was to assess the prevalence of overweight and stunting, and the association between stunting and overweight in children under 5 years of age based on available and comparable data from countries in the Eastern Mediterranean Region.
Methods
Data source
The study was a secondary analysis of data collected from nationwide surveys performed in the Eastern Mediterranean Region. The most recent and comparable data from surveys performed in the same time period were available for 5 countries from 2 different surveys. The data for the Syrian Arab Republic, Morocco, Djibouti and Yemen came from the Pan Arab Project for Family Health (PAPFAM). This project is a series of cross-sectional, nationally representative, 2-stage, stratified cluster sample surveys that were performed in the Region starting in 2001 [12] . Data from the Libyan Arab Jamahiriya came from the Multiple Indicator Cluster Sample Survey (MICS), which was a series of similar surveys performed in many countries around the world that was organized principally by the United Nations Children's Fund [13, 14] . The series essentially assessed the achievement of different countries in fulfilling their commitment to goals agreed upon in the 1989 Convention on the Rights of the Child.
Data were collected in interviews with mothers during household visits using standard questionnaires, with a few modifications to conform to local disease and disease determinants patterns. The full set of questionnaires contained: items related to child health and its determinants such as vaccination, birth, and nutrition; items related to mother's health and reproductive history; and items on household characteristics and surrounding environment, such as the availability of a safe water supply, sanitation facilities, garbage collection, and wealth or assets of the families.
٢٠٠٩ ،٣ ‫ﺍﻟﻌﺪﺩ‬ ‫ﻋﴩ،‬ ‫ﺍﳋﺎﻣﺲ‬ ‫ﺍﳌﺠﻠﺪ‬ ‫ﺍﻟﻌﺎﳌﻴﺔ،‬ ‫ﺍﻟﺼﺤﺔ‬ ‫ﻣﻨﻈﻤﺔ‬ ‫ﺍﳌﺘﻮﺳﻂ،‬ ‫ﻟﴩﻕ‬ ‫ﺍﻟﺼﺤﻴﺔ‬ ‫ﺍﳌﺠﻠﺔ‬
Outcome measures
Weight, height and age were used to calculate z-scores of body mass index for age (BMI/A) and height for age (H/A) using the newly published growth charts from the World Health Organization (WHO) multiple centre growth reference study [15] . BMI was calculated by dividing the weight in kilograms by the square of the height in metres. Children were classified as obese if they had a BMI/A z-score greater than 2 standard deviations (SD) of the median of the WHO growth standards, and as stunted if they had a H/A z-score below -2 SDs of the median [15] . Unless stated otherwise, stunting refers to moderate and severe stunting. We also included in the same stage of analysis, mild stunting. This included children whose H/A z-score was < -1 but ≥ -2 SDs. Wasting was diagnosed if the weightfor-height (W/H) z-score was < -2 SDs.
Household assets were used to construct an asset index as a proxy measure for socioeconomic status in 3 countries. For Djibouti and the Libyan Arab Jamahiriya, a socioeconomic classification that incorporated parents' occupation and education was used [16] . Each of the 5 populations was separately divided into 3 socioeconomic groups: privileged, intermediate and underprivileged. Independent variables used were basic epidemiological attributes such as age, sex, socioeconomic status, geographic region and urban/rural residence. score values < -6 SDs as outliers. We used risk ratio (RR) to measure the association between being stunted and being overweight. This indicates the probability of being overweight in the stunted sub-sample divided by the probability of being overweight in the non-stunted subsample. Etiological fraction among the exposed (EFe) was calculated as (RR-1)/RR, while etiological fraction in the population (EFp) was calculated as [Pe (RR-1)]/[Pe (RR-1) + 1], where Pe is the proportion of exposure to the risk factor in the population. EFe as such measures the proportion of overweight among stunted children that could be attributed to stunting, while EFp measures the proportion of overweight in the general population that could be attributed to stunting. Level of significance was set at P < 0.05.
Statistical analysis
Results
Yemen had the lowest gross domestic product (GDP) and is classified by WHO as a very high prevalence area for underweight. The Libyan Arab Jamahiriya had the highest GDP. The Libyan Arab Jamahiriya, Syrian Arab Republic and Morocco are all classified by WHO as low prevalence areas for underweight. The highest proportion of urban dwellers was in the Libyan Arab Jamahiriya and Djibouti, while the lowest was in Yemen (Table 1) .
Yemen had the highest prevalence of moderate to severe stunting (57.6%). Djibouti had the highest prevalence of wasting (17.8%), while the Libyan Arab Jamahiriya had the lowest rate of both wasting (4.8%) and stunting (18.5%). Overweight ranged from 8.9% in Yemen to 20.2% in the Syrian Arab Republic (Table 2) .
Overweight was more prevalent in rural than in urban areas except in Morocco, while in the Syrian Arab Republic, overweight prevalence was higher in both urban and rural areas than in suburban areas.
٢٠٠٩ ،٣ ‫ﺍﻟﻌﺪﺩ‬ ‫ﻋﴩ،‬ ‫ﺍﳋﺎﻣﺲ‬ ‫ﺍﳌﺠﻠﺪ‬ ‫ﺍﻟﻌﺎﳌﻴﺔ،‬ ‫ﺍﻟﺼﺤﺔ‬ ‫ﻣﻨﻈﻤﺔ‬ ‫ﺍﳌﺘﻮﺳﻂ،‬ ‫ﻟﴩﻕ‬ ‫ﺍﻟﺼﺤﻴﺔ‬ ‫ﺍﳌﺠﻠﺔ‬
The prevalence of overweight was highest in privileged groups in the Syrian Arab Republic and Djibouti, while it was highest in underprivileged groups in Morocco. In the Libyan Arab Jamahiriya and Yemen, it was highest in the intermediate group The highest regional prevalence of overweight in the Syrian Arab Republic was in Halab and Al-Raka (31.5% and 47.8% respectively), while in Morocco the highest regional prevalence was 23.2% in FesBoulemane (complete regional data are not presented but are available on request). In Yemen, the prevalence of overweight was highest in Al-Maharah (22.5%) and Ibb (20.7%) governorates and in the Libyan Arab Jamahiriya it was highest in Tarhuna and Missallata region (24.4%). Both stunting and overweight were more prevalent in boys than girls (Table 3) .
Stunting prevalence was higher in rural areas in all countries and was higher in 
underprivileged groups in the Libyan Arab Jamahiriya and Djibouti (Table 3) . Overall RR for overweight in stunted children was highest in Libyan Arab Jamahiriya (3.85) and lowest in Djibouti (2.14). However, within countries the RR ranged from 0.76 in mildly stunted children in Yemen to as high as 7.15 in severely stunted children in the Libyan Arab Jamahiriya and 11.88 in children in the Hadramout region in Yemen.
RR for overweight was higher among stunted children in rural areas of the Libyan Arab Jamahiriya, Djibouti and Yemen in comparison to urban areas. In the Libyan Arab Jamahiriya, Morocco and Yemen, RR for overweight among stunted children was higher in privileged groups, while in the other 2 countries it was highest in the intermediate socioeconomic groups. The risk increased with age except in the Syrian Arab Republic and Djibouti, where it increased initially but decreased at around 4 years of age. In all countries, the increase in risk was evident with increasing degree of stunting (Table 4) . Risk of overweight decreased with increased H/A z-score in all countries, but in Yemen it rose sharply again at H/A z-score > 3 (Figure 1 ).
The geographical distribution of risk for overweight within countries was also variable. In the Libyan Arab Jamahiriya, the RR (95% confidence interval) ranged from 0.98 (0.31-3.10) in Sirt region to 5.59 (3.93-7.94) in Tarhuna and Misallata regions. In the Syrian Arab Republic, it ranged from 1.57 (0.78-3.18) in Daraa to 10.67 (3.65-31.26) in Al-Latakia. In Morocco, the range was from 1.27 (0.70-2.31) in Doukkala-Abda to 5.58 (3.69-8.46) in Marrakech. In Yemen, the RR was low in Lahej at 0.61 (0.27-1.42) and increased to 11.88 (1.50-93.93) in Hadramout.
The lowest etiological fraction among stunted children was in Djibouti (53.27%) and the highest was in stunted children of the Libyan Arab Jamahiriya (73.25%). In the different subgroups, it was lowest in stunted children in the suburban regions (28.57%) and in children younger than 1 year of age (30.07%) in Djibouti, while the highest etiological fraction among stunted children was in rural areas (80.27%) and in children older than 4 years (81.24%) in the Libyan Arab Jamahiriya. The etiological fraction in the population as a whole ranged from 23.12% in Djibouti to 48.42% in Yemen (Table 5) . 
Discussion
Overweight is no longer considered a disease of industrialized nations only. The growing economies and changes in lifestyles in many developing countries, with the accompanying changes in diet and physical activity patterns, have contributed to the appearance of overweight in these countries, while low income, limited choices of food, lack of parks/gardens and public thoroughfares for play and exercise, and inadequate and/or inappropriate education may make it difficult for people to seek and secure healthier foods and lifestyles in these countries [17] . The current study used data from nationally representative surveys to compare the prevalence of both overweight and stunting and to examine the relationship between them in 5 Arab countries that are in various stages of economic transition. These surveys are useful because of the valuable information collected and because of their inter-nation comparability. However, they were primarily established to look for undernutrition rather than overnutrition. No data were collected on variables related to overweight, such as television viewing, maternal nutrition, food practices of the family, or parental weight. Given the current findings, these data should be included in future surveys.
For GDP, we used data from the World Bank rather from national sources. Notably for the Libyan Arab Jamahiriya, the figures given are much lower than figures obtained from authorities in the country (US$ > 6000). In view of the characteristics of the country, it could be argued that the national figures are probably more representative, but for consistency we kept the source data the same for all the countries. 
٢٠٠٩ ،٣ ‫ﺍﻟﻌﺪﺩ‬ ‫ﻋﴩ،‬ ‫ﺍﳋﺎﻣﺲ‬ ‫ﺍﳌﺠﻠﺪ‬ ‫ﺍﻟﻌﺎﳌﻴﺔ،‬ ‫ﺍﻟﺼﺤﺔ‬ ‫ﻣﻨﻈﻤﺔ‬ ‫ﺍﳌﺘﻮﺳﻂ،‬ ‫ﻟﴩﻕ‬ ‫ﺍﻟﺼﺤﻴﺔ‬ ‫ﺍﳌﺠﻠﺔ‬
The prevalence of overweight in the current study, even for the lowest prevalence countries (8.9%-20.2%), was high. In most countries in Africa and Asia, rates of wasting are 2.5-3.5 times higher than rates of overweight [6] . Although the criteria for overweight used in our study were different, BMI/A rather than weight for height, the prevalence of overweight in the Libyan Arab Jamahiriya and the Syrian Arab Republic was much higher than wasting. In Morocco it was also higher but less so, while in Djibouti and Yemen wasting was still more prevalent than overweight.
It is believed that a wide difference in the prevalence of wasting and stunting indicates an early phase of nutritional transition where acute forms (wasting) usually start to decrease first, while in the more privileged countries, both acute and chronic forms show lower prevalence rates [18] . We observed this in the current study as the less privileged countries such as Djibouti and Yemen had high prevalence rates of both forms of undernutrition, while the Syrian Arab Republic and Morocco had low levels of wasting and intermediate levels of stunting, and the Libyan Arab Jamahiriya, with the highest GDP among the studied countries, is classified as a low prevalence area for both wasting and stunting.
The prevalence of overweight and stunting was greater in boys than girls. This has been reported in other studies [19] , while the prevalence of overweight for both sexes varies between studies across different ages and ethnic groups [20] .
Overweight is related to lifestyle, which is related to urbanization, housing and leisure-time activities. In industrialized nations, overweight is associated with low income and underprivileged groups as these consume more energy-dense but inexpensive foods and they are less engaged in physical activities. In developing countries, overweight is more prevalent in privileged groups [17] . Although this was true for the Syrian Arab Republic and Djibouti, overweight was more frequent in underprivileged groups in Morocco and in intermediate groups in the Libyan Arab Jamahiriya and Yemen. Among possible alternative explanations in our study is that the asset index that we constructed for the current data was not validated in separate studies in these particular populations.
The prevalence of overweight is higher in urban areas than rural or poor urban areas in many developing countries [21] . Urban residence in the current surveys followed locally established definitions in these countries and these are probably not comparable. The relative division in urban areas of worse-or better-off residential areas was not examined in our study. Only 2 of the surveys we used looked at suburban areas as a distinct group. These areas were different in many aspects from both urban and rural areas. Further surveys should systematically include data for suburban and worse-or better-off residential urban areas.
Traditional explanations for the increased risk of overweight associated with stunting observed in developing countries include reduced physical activity and increased high-fat intake. However, increasingly the role of chronic undernutrition in early life is being recognized. Stunting or low H/A is a public health problem worldwide. It measures cumulative deficient growth and is a feature of a complex syndrome including developmental delay, impaired immune function, reduced cognitive function, metabolic disturbances leading to accumulation of body fat, loss of lean mass and increased risk of hypertension [3] . Stunting prevalence is high in developing countries, reaching almost 50% of children in certain regions of the world [22, 23] . Even in industrialized nations like the United States of America, ٢٠٠٩ ،٣ ‫ﺍﻟﻌﺪﺩ‬ ‫ﻋﴩ،‬ ‫ﺍﳋﺎﻣﺲ‬ ‫ﺍﳌﺠﻠﺪ‬ ‫ﺍﻟﻌﺎﳌﻴﺔ،‬ ‫ﺍﻟﺼﺤﺔ‬ ‫ﻣﻨﻈﻤﺔ‬ ‫ﺍﳌﺘﻮﺳﻂ،‬ ‫ﻟﴩﻕ‬ ‫ﺍﻟﺼﺤﻴﺔ‬ ‫ﺍﳌﺠﻠﺔ‬ at least 5% of children were reported to be stunted [24] .
The relationship between stunting and overweight is not an artefact [25] . BMI is a reliable index of body composition even in stunted children [26] .
The deleterious effects of stunting and overweight can start in the uterus and may continue after birth. Both stunting and overweight are related to method of feeding, weaning, and context of eating that would shape future food acceptance and food habits [27] . A number of studies have demonstrated metabolic alterations in children suffering from undernutrition in all tissues and body systems [10] . These alterations are towards energy conservation and maintaining a low metabolism. Stunted children have impaired regulation of food intake and have higher susceptibility to the effects of high-fat diets [28] . When energy intake improves, deposition of fat over time, especially in the abdomen, may result [25] . On the other hand, absence of a relation between stunting and overweight has also been reported [29] . The risk of a stunted child becoming obese did not follow perfectly the increase in prevalence of overweight, nor did it always follow the prevalence of stunting. However, a high prevalence of wasting may decrease the risk of developing overweight, as seen in Djibouti and Yemen, which would also explain the absence of association between these 2 conditions found in another study [21] .
There were more intra-country variations in the risk than inter-country variation in our current study. The risk of stuntingoverweight was higher in rural areas and in severe forms of stunting, and variably increased with age. The relation started at even earlier ages in the more privileged countries than was previously noted and was absent at younger ages in countries with a high prevalence of wasting and/or underweight. Unlike in a previous study [21] , we found no difference in RR between boys and girls. Although some studies showed that improved nutrition in conjunction with a decreased prevalence of infections has contributed synergistically to improving linear growth as well as increasing the prevalence of overweight in developed countries [11, 30] , the finding that increased height was related to overweight only in Yemen is difficult to explain.
Overweight among stunted children depends on the availability of extra energy in a child who was programmed to use energy more economically. Stunting itself is not the direct cause, as many stunted children do not become obese; many stunted children become underweight. The mechanism that leads to overweight in stunted children explains also why we found a higher risk of overweight in stunted children from privileged groups in the Libyan Arab Jamahiriya. Underprivileged groups may have the knowledge, the attitude and the capacity to correct stunting, but unfortunately not always in the most appropriate approach. Yemen and the Syrian Arab Republic had the highest population attributable risk. In Yemen, this was because of the high prevalence of stunting even if the RR was lower than in other countries, while in the Syrian Arab Republic this was due to the high prevalence of overweight and the accompanying RR. Managing stunting in Yemen will prevent almost half the cases of overweight in the population, especially in older children, in rural areas and in underprivileged groups. The highest etiological fraction was in the Libyan Arab Jamahiriya, especially in rural areas and older children.
Findings from the current study indicate that preventive measures, such as public health campaigns on healthy food and encouragement to increase physical activity, should be instituted in the region. Other ٢٠٠٩ ،٣ ‫ﺍﻟﻌﺪﺩ‬ ‫ﻋﴩ،‬ ‫ﺍﳋﺎﻣﺲ‬ ‫ﺍﳌﺠﻠﺪ‬ ‫ﺍﻟﻌﺎﳌﻴﺔ،‬ ‫ﺍﻟﺼﺤﺔ‬ ‫ﻣﻨﻈﻤﺔ‬ ‫ﺍﳌﺘﻮﺳﻂ،‬ ‫ﻟﴩﻕ‬ ‫ﺍﻟﺼﺤﻴﺔ‬ ‫ﺍﳌﺠﻠﺔ‬ measures, such as pre-pregnancy and early childhood interventions, should also be directed towards maternal undernutrition, intrauterine growth retardation, compromised lactation and infant feeding [31] . Only a handful of studies have addressed childhood overweight in the region in the last few decades [32] [33] [34] [35] [36] [37] . Childhood overweight is not yet high on the agenda of national nutrition programmes in the region [38] but our study suggests that such programmes should incorporate prevention and management, even in those countries with high prevalence of undernutrition.
